background: To explore why increased access to emergency contraception (EC) failed to reduce pregnancies in a recent randomized controlled trial.
Introduction
Emergency contraception (EC) was introduced in the early 1990s as an effective method of post-coital contraception. Levonorgestrel EC has been well established as an efficacious method of preventing pregnancy (Task Force on Postovulatory Methods of Fertility Regulation, 1998). Widespread access to EC was expected to substantially decrease the incidence of unintended pregnancy in the USA; however, this has not been realized (Trussell et al., 1992; Finer and Henshaw, 2006) . Multiple studies have failed to demonstrate a difference in unintended pregnancy rates between women provided with an advanced supply of EC and women who could obtain it only when needed (Lo et al., 2004; Hu et al., 2005; Raymond et al., 2006; Walsh and Frezieres, 2006 ). Yet, failure of advance provision occurs despite a reported increase in use and more prompt use of levonorgestrel EC after unprotected coitus. This paradox has mitigated earlier enthusiasm regarding the public health importance of EC (Glasier, 2006) .
The explanation for this failure remains elusive. We hypothesize that underlying risk of unintended pregnancy may influence response to an intervention of increased access to EC. That is, with increased access to EC, women at lower baseline risk of unintended pregnancy may use EC differently than women at higher risk.
To investigate this question, we used data from a recent trial of an intervention designed to optimize access to EC. The intervention of increased access to EC proved successful in increasing EC use; the mean number of uses per woman was 5.6 times higher in the intervention group than in the control group (Raymond et al., 2006) . Despite this increased frequency of EC use, the incidence of unintended pregnancy was similar between groups (Raymond et al., 2006) . For our analysis, we used predictive modeling to characterize each participant's baseline risk of unintended pregnancy as either high or low. We then evaluated whether the effect of the intervention on EC use differed between these two risk groups.
Materials and Methods
The trial was conducted between October 2002 and June 2005 at clinical sites in Nevada and North Carolina. CONSORT guidelines were adhered to in the design and reporting of the original study (Moher et al., 2001) . The protocol for this secondary analysis was approved by the institutional review board at the University of North Carolina at Chapel Hill.
A full description of the methods has been published (Raymond et al., 2006) . Briefly, 1490 sexually active women aged 14 -24 years who did not desire pregnancy for at least 1 year were enrolled. Women who planned to use longer acting contraceptive methods and women who had been pregnant within the past 6 weeks or were breast feeding were excluded. Demographic, behavioral and psychosocial information were collected from each participant at enrollment. Psychosocial questions addressed perceptions of pregnancy, sexually transmitted infection and various contraception methods. The full battery of psychosocial questions and details regarding the factor analysis methods are presented elsewhere . Participants were then randomized to receive either increased access or standard access to EC. Participants in both groups were advised to take a single dose of 1.5 mg levonorgestrel as soon as possible after unprotected intercourse. Standard access group participants were informed how to obtain EC from the study site at the usual cost if needed. Increased access group participants were provided with two free packages of EC pills at enrollment, and free replacement packages were provided for each reported use of EC. Participants in both groups were asked to report each use of EC to the study site. Participants were followed in the clinic at 6 and 12 months after enrollment. Pregnancy tests were obtained at those times. Follow-up was equally high in both groups; 95% of participants in the increased access group and 94% of participants in the standard access group had a final contact at 365 days or later after enrollment (Raymond et al., 2006) .
All analyses were performed on an intention-to-treat basis. Fifteen of the 1490 participants provided incomplete or inconsistent data on baseline variables used in the analysis. Of these 15, we included 10 in the analysis using derived variables and excluded the other 5 (1 in the increased access group and 4 in the standard access group) from the analysis, given inadequate information to derive unknown variables.
We selected 20 baseline variables that were potential predictors of unintended pregnancy. These variables are listed in Table I and include four psychosocial factors ('perceived efficacy of contraception', 'aversion to pregnancy', 'access to contraception' and 'stigma') derived in a prior exploratory factor analysis of the psychosocial questions . A predictive logistic regression model was fit to estimate which set of these baseline variables predicted pregnancy during the trial. We used the standard access group only to develop the model in order to eliminate any effect of the intervention. The initial model included all potential predictors, and was reduced by sequential elimination of variables. Variables were removed from the model based on likelihood ratio tests if their significance level was .0.05. Randomization in the original study had been stratified by location (Nevada versus North Carolina); thus, location was included in every model. We assessed the reliability of our final model using the area under a receiver operating characteristic (ROC) curve and the Hosmer -Lemeshow goodness-of-fit test. To assess the consistency of our final variable selection, we used a repeated stepwise elimination procedure on 500 bootstrap samples. Using the final model, we predicted pregnancy risk for all participants in both intervention groups. Lastly, we stratified participants into high risk and low risk of unintended pregnancy using a ROC curve-derived cutoff that jointly optimized sensitivity and specificity of risk classification.
We then used a Mantel-Haenzel test of homogeneity to examine the association between randomization group and EC use in the year after enrollment, stratified by pregnancy risk, to see whether baseline pregnancy risk modified this association. We excluded all EC uses that occurred within the first day of enrollment from the analysis since participants often cited obtaining EC as the reason for their initial clinic visit and therefore many of those EC uses likely would have occurred in the absence of the intervention. This exclusion eliminated 128/2057 EC uses in the increased access group and 103/ 366 uses in the standard access group. We considered two measures of EC use over the 1 year of follow-up: ever use (0 versus 1 use) and multiple use (,2 versus 2 uses) during the study. We used a Cox proportional hazards model, stratified by location, to evaluate the association between baseline risk, intervention group and their interaction on time to pregnancy. We performed our analyses using Stata 10.0 software (StataCorp, College Station, TX, USA). 
Results
A total of 740 women in the standard access group was used to develop the predictive model for pregnancy risk. Three baseline variables were significantly predictive of unintended pregnancy: number of previous pregnancies, history of unprotected sex within 14 days prior to study enrollment and the psychosocial factor 'aversion to pregnancy'. Our predictive model fit the data well (Hosmer -Lemeshow goodness-of-fit, P ¼ 0.23; area under the ROC curve ¼ 0.761). Of the 260 standard access group participants stratified as high risk, 50 (19%) had an unintended pregnancy during the follow-up year. In contrast, of the 480 participants stratified as low risk, 20 (4%) had an unintended pregnancy during the study. The distributions of risk scores in the increased access and standard access groups were similar, reflecting the randomization of the original study (Fig. 1) . Of the 1485 participants in the analysis, 527 (35%) were designated as high risk (Table I) . Among both high and low risk women, increased access to EC increased use compared with standard access (Table II) . Baseline pregnancy risk did not significantly affect the association between increased access to EC and ever use of this method (P ¼ 0.48, Table III ). In the high risk group, increased access participants were 2.6 times as likely to ever use EC as the standard access group, with a similar increased likelihood [relative risk (RR) ¼ 2.9] among the low risk group. However, baseline pregnancy risk did significantly modify the association between the intervention groups and repeated use of EC (P ¼ 0.03, Table III ). High risk women in the increased access group were 5.5 times as likely to use EC repeatedly as high risk women in the standard access group; low risk women in the increased access group were 10.0 times as likely to use EC repeatedly as low risk women in the standard access group.
The relative hazard of unintended pregnancy between randomization groups was not significantly modified by baseline risk (Cox proportional hazard, P ¼ 0.81). Among low risk women, those provided with increased access to EC became pregnant at 0.89 times the rate of those with standard access [95% confidence interval (CI) 0.47 -1.69], with 18 and 20 pregnancies, respectively. Among high risk women, Figure 1 Emergency contraception use by pregnancy risk those provided with increased access became pregnant at 0.98 times the rate of those with standard access (95% CI 0.66 -1.45), with 49 and 50 pregnancies, respectively. No follow-up pregnancy data were collected for 49 of the 1485 participants in this analysis. Women missing pregnancy status differed significantly in pregnancy risk compared with women with known pregnancy status. Of the 22 women missing pregnancy information among the increased access group, 15 (68%) were classified as high risk. Of the 27 women missing pregnancy status among the standard access group, 11 (41%) were classified as high risk.
Discussion
In our trial, women at low and high baseline risk of pregnancy responded differently to an intervention designed to optimize access to EC. The intervention resulted in increased EC use among both risk groups, but the increase in repeated use was significantly greater in low risk women than in high risk women. Indeed, women at low baseline risk were 10 times more likely to use EC repeatedly if they received increased access than if they were in the standard access group. In contrast, the effect of the intervention on repeated EC use was only half as great among women who had a high baseline pregnancy risk.
This finding is noteworthy because women at low risk for pregnancy are arguably the subgroup least in need of a pregnancy reduction intervention. In our analysis, even the 10-fold increase in repeated EC use produced by the intervention did not result in a significant decrease in the probability of unintended pregnancy among low risk women. This differential effect of the intervention by pregnancy risk-specifically, its relatively poorer success in increasing EC use in the highest risk women-may partially account for its failure to produce a decrease in pregnancy incidence in the full trial population.
Why might the intervention have been more effective in increasing EC use in women at low risk of pregnancy? Our analysis found that low risk participants were substantially more averse to pregnancy at study enrollment, and accordingly, they were more likely to be using highly effective contraceptives and less likely to have recently had unprotected sex. Such women assigned to the increased access group may have continued this predisposition toward protective behaviors by taking advantage of the opportunity to increase their EC use. In contrast, high risk women randomized to the increased access group may have been less primed to make use of EC even when it was readily available.
One other explanation for our findings is that the risk profile of participants may have changed because of the intervention. Recent analyses of these same data suggest that women identified as low risk based on enrollment data, who then received an advanced supply of EC, may have adopted risk behaviors more consistent with a high risk participant, secondary to increased reliance upon EC as a contraceptive method Weaver et al., 2008) . Since EC use increased substantially with increased access among both risk groups without a concomitant decrease in pregnancy incidence, it remains feasible that women provided with an advanced supply of EC were using EC as a substitute for other more reliable methods. Under this hypothesis, the intervention may have had two independent and counteracting effects: increasing EC use among high risk women as well as increasing risk behaviors among initially low risk women.
Although follow-up was high, 49 of 1485 (3%) women were missing pregnancy information at the end of their study year, which may have contributed to a selection bias. Women missing pregnancy data among the increased access group tend to have been at high pregnancy risk. In contrast, those among the standard access group tend to have been at low risk. This difference may have led to overestimation of the benefit of the intervention in reducing unintended pregnancy in the original analysis.
If advance provision or other increased EC access interventions are to have a beneficial effect in reducing unintended pregnancy incidence, they must be targeted toward the women who most need them.
